. During drilling of regional aquifer characterization borehole R-25, located in the western part of Los Alamos National Laboratory (LANL) at Technical Area (TA) 16, groundwater samples were collected from perched zones of saturation and the regional aquifer that contained elevated levels of high explosive (HE) compounds. HE compounds found in the groundwater at R-25 include RDX (hexahydro-1 ,3,5-tnnitro-1,3,5-triazine), which stands for Royal Demolition Explosive; HMX (octahydro-1 ,3,5,-tetranitro-l ,3,5,7-tetrazoicine), which stands for High-Melting Explosive; TNT (2,4,6-trinitrotouene), and others (LANL 1999). RDX was measured as high as 84 Ug/L in groundwater samples collected from a depth of 1,047 ft, which may be within the regional aquifer at R-25; the EPA health advisory guideline for RDX in drinking water is 2 pglL.
The nearest Los Alamos County municipal supply wells that are potentially located down gradient from borehole R-25 are PM-2, located in Pajarito Canyon at TA-18, PM-4, iocated on Mesita del Buey at the west end of TA-54, and PM-5, located on a mesa east of TA-52 (Figure 1 ). Municipal supply wells PM-2 and PM-5 were sampled in late 1998, and the results of the analyses showed that HE compounds were not detected in these municipal supply wells. PM-4 was not sampled because the pump had been removed from the well for scheduled maintenance by the Los Alamos County Public Utilities Department (PUD). However, because the pump was removed from PM-4, the situation afforded a unique opportunity to enter the well to (1) perform tests to determine from where within the regional aquifer groundwater entered the well, and (2) collect samples for analyses from the producing zones to determine if HE contaminants could be present in discrete zones within the regional aquifer.
The Laboratory Water Quality and Hydrology Group ESH-I 8, in association with the Laboratory Environmental Restoration (ER) Project, undertook the investigation to perform flow testing and zonal sampling of municipal supply well PM4 in March 1999, before the PUD needed to reinstall the pump in the well in May 1999.
This document provides the report of the activities that were performed during March 1999 for the testing and sampling of municipal supply well PM-4. The document provides a description of the field activities associated with the two phases of the project, including (1) the results of the static and dynamic spinner [og surveys, and (2) a description of the sampling activities and the field-measured groundwater quality parameters that were obtained during sampling activities. This document also provides the analfilcal results of the groundwater samples and a brief discussion of the results of the project. The objective of the report is to document the field activities and to provide the results of the analyses.
PM4 Location and Background Information
Municipal supply well PM-4 (structure No. 54-101 3) is located on Mesita del Buey in the western part of TA-54 at a ground elevation of 6,920 ft. This well was drilled in 1981 to a depth of 2,920 ft and produces from the regional aquifer.
In 1981, the initial depth to water in PM4 was 1,060 ft below ground level [elevation 5,860 ft above mean sea level (AMSL)]. Before beginning production in 1982, the water level was 1,050 ft below ground level (5,870 ft AMSL), which indicates that the water level rose 10 ft between the time the regional aquifer was encountered during drilling and the time of the first pumping of the well. In 1997, the nonpumping water level was at a depth of 1,093 ft (elevation 5,827 ft AMSL) and the pumping water level was at a depth of 1,142 ft (elevation 5 Connected to PM-4 is a National Pollution Discharge Elimination System (NPDES) outfall that discharges into Caiiada del Buey from an 8-in. -diameter cast iron pipe outfall that is located about 200 ft east of the well. After the pump is shut down for maintenance, and before the well is put back on line, the well must be purged to bleed off the start-up pump pressure and to clean up the water. Before placing the pump back into service each time, the flow is diverted to the NPDES outfall (EPG 1995,50285, p. VII-26; Purtymun 1995, 45344, p. 114). A recent such discharge from PM-4 occurred November 10, 1998, when 1350 gpm were discharged for 20 minutes to the NPDES outfall, for a total discharge of 27,000 gallons (LANL 1998,59599, p. 4-61 ).
Before implementing the PM-4 testing and sampling project, Municipal supply well PM-4 had not been in production since November 1998 because of scheduled repair and maintenance of the pump by the County of Los Alamos PUD. In 1998, Los Alamos County assumed responsibility from the Department of Energy (DOE) for operating the well. The pump was removed from the borehole for refurbishment and was scheduled to be replaced in the borehole in April 1999. The pump being out of the well afforded a rare opportunity to conduct the testing and sampling of the regional aquifer at PM-4. Proposals were obtained from several well-service companies for the pump installation and removal and for the borehole surveys. The subcontractor selected to perform the pump installation and removal was Beylik Drilling from Rio Rancho, New Mexico. Beylik supplied a well-service rig and a pump capable of producing 1,000 gpm for the spinner log surveys and provided the equipment necessary to insert the packer and submersible pump assembly into the well for purging and sampling the well for the zonal sampling project. The subcontractor selected to provide the borehole video surveys and the spinner log surveys was the COLOG Company, a division of Layne Geosciences Inc., from Golden, Colorado.
Laboratory Group ESH-I 8 had previously acquired the packers that were used to isolate the zones to be sampled and the submersible pump that was used for the sampling phase of the project. The pump was believed to be capable of 6 gpm at a hydrostatic head of 1,100 m however, during the sampling portion of the project, it was discovered that the pump only produced 1.5 gpm at the hydrostatic head present in PM-4. It was necessary to acquire a new higher-capacity pump end for the submersible motor. The pump used was a Grundfos submersible pump model 16S50-39 (5 hp) capable of 20 gpm at a 600-ft pumping head at 3,450 rpm. The new pump end purchased during this project was a Grundfos IOS50-48DS with a rating of 8 gpm at a hydrostatic head of 1,100 ft.
2.0

Field Activity Summary
The activities and the schedule for the testing and sampling of PM-4 are shown in Table 2 . The initial activity was to assess the status of the well before conducting testing and sampling activities. The condition of the well and the depth to water was measured using the initial video survey. The amount of turbine lubricating oil on the surface of the water was determined and the depth to the oil/water contact was measured by the video survey. Measurements obtained during the well testing and sampling project were documented according to the appropriate LANL ER standard operating procedures (SOPS). The turbine oil in the well was removed by skimming and bailing. Ten feet of oil was present in the well, which contained a calculated volume of 100 gallons. The oil was removed from the well and placed in 55-gallon barrels that the PUD provided at the well site. The barrels were stored within spill containment barriers provided by the PUD. The PUD provided the appropriate disposal of the used lubricating oil.
Phase-i Well Testing
The field activities at PM-4 began on March 12, 1999, with the first of two color video surveys of the well. The initial video log was obtained to document the condition of the well before intrusive testing and sampling activities took place and the second video log was obtained to document the condition of the well after the completion of all testing and sampling activities.
Video Log #1
The initial video log of PM-4 was obtained on March 12, 1999. The color video log was obtained from the surface to a depth of 2836 ft. The video log depth was set to zero at the top of the 16-in.diameter casing, which is flush with a raised cement pad in the well house. The camera was equipped with a down-looking and a side-looking lens that provided close-up views of the inside of the casing and louvers. After the dynamic spinner log survey was completed and the 1,000 gpm pump and the 3-in.-diameter access tubing were removed from the well, the well was again bailed on March 22, 1999, to remove any oil remaining from the lubrication of the 1,000-gpm pump and shaft drive. A total of six runs in the hole were made with the bailer. The first run recovered about 2 to 3 gallons of oil, but the next four runs did not recover any fluid because the bailer was floating on the water in the well. Additional weights were added to the bailer for run number six, which recovered only water from the bailer.
Spinner Log Surveys
In preparation for the dynamic spinner log survey, a submersible pump capable of producing 1,000 gpm at a hydrostatic head of 1,150 ft was temporarily installed in the well. The submersible pump was installed at a depth of approximately 1,200 ft in the well. To provide access for the spinner log survey tool below the pump, a temporary 3-in.-diameter access tube was installed in the well before inserting the pump. The access tubing was installed from the surface to below the bottom of the pump, or to a depth of about 1,250 ft on March 14, 1999.
The 1,000-gpm submersible pump was installed from March 14 to March 16, 1999. A 1,085-hp diesel motor was connected to the pump through a shaft drive to the wellhead gearbox to power the submersible pump. The static spinner log survey was run after the 1,000 gpm pump was installed and during final installation of the protective cowling for the shaft drive and the discharge piping.
Static Spinner LoQ Survey
The static spinner log survey was obtained to determine the possible vertical movement of water in the static casing. The static spinner log survey was obtained on March 16, 1999, after the 1,000-gpm pump was set in place for the dynamic spinner log survey and immediately before performing the dynamic spinner log survey. The static spinner log survey was run from the top of the screened interval to a depth of 2,811 ft, where an obstruction in the well was encountered. The zero depth for the static spinner log survey was adjusted to the top of a temporafy steel platform that was installed by Beylik personnel and which was 1 ft above the top of the well casing. The water level was encountered at a depth of 1,078 ft (1,077 ft from top of well casing), consistent with the water level measured during the video log survey.
Three complete two-way passes of the spinner log tool were made as part of the static spinner log survey. Two passes were made at 90 ft per minute and the third pass was made at 60 ft per minute. The static spinner log survey was obtained from the depths of 1,255 to 2,811 ft. The static spinner log survey did not indicate any movement of water in the well. The results of the multiple passes of the tool through the well appeared to be repeatable and conformable, indicating that the tool was functioning properly. After the survey was finished, the tool was positioned stationary at the top of the louvers at a depth of 1,260 ft where some slight movement of water was noted in the initial video log of the well. The spinner log survey tool at this position did not measure movement of water. (It was later determined that the spinner log tool would not record vetilcal movement of water in the well less than 15 to 20 ft/min). The spinner log tool was raised above the water level in the 3-in. -diameter access tubing for overnight storage in preparation for running the dynamic spinner log survey the next day.
Dvnamic Soinner Lou Survev
The dynamic spinner log survey was obtained to determine the locations of groundwater flow within the regional aquifer into the well during pumping. The 1,000-gpm pump, access port tubing, and discharge lines were in place and ready for the dynamic spinner log survey on the morning of March 17, 1999, the day after the static spinner log survey was obtained. The water level measured by the spinner log tool before pumping on March 17 was at a depth of 1,072 ft (1 ,071 ft from the top of the casing), indicating that the water level had risen about 5 ft since March 12. The transducer reading before the pump was turned on was 76.5 ft, indicating that the water level was 3 ft higher than on March 12.
The 1,000-gpm pump was started at 07:19 on March 17 for the dynamic spinner log survey. The water reached the surface in about 5 minutes, and the initial pumping rate was 800 gpm. The valve at the wellhead was opened, and the well was pumped at 1,000 gpm beginning at 07:34. The pump was capable of pumping higher volumes, but the valve at the well head was used to maintain a flow rate of 1,000 gpm.
The discharge from the well was diverted through collapsible tubing to the NPDES outfall, which discharges to Cafiada del Buey. On the morning of March 17, 1999, ESH-18 NPDES personnel collected samples of the discharged water for compliance with the Laboratory NPDES permit. These samples were analyzed for pH, chloride, selected metals, tritium, radon-226, and radon-228. The results of the analyses are presented in Section 3.
The spinner log tool was lowered from the 3-in.-diameter access tubing into the well, and the dynamic spinner log survey was started. However, the spinner log tool did not consistently return data. After working the tool up and down through the well for several hours, it was determined that the survey tool was not functioning properly, and the tool had to be removed from the well for repairs. The pump was turned off at 10:45, and the tool was removed from the well. To remove the logging tool, the shaft drive from the motor to the gear box at the well had to be dismantled, and the gear box was lifted from the top of the well. The tool was repaired and in worldng condition by late afternoon on March 17, but rather than begin the dynamic spinner log survey at dusk, the decision was made to wait until morning on March 18, 1999, to begin pumping and running the spinner log survey.
While attempting to run the dynamic spinner log survey on March 17, the well was pumped for 3.5 hours at 1,000 gpm, during which 190,000 gallons of water were produced. Water levels measured by the transducer were recorded at 30-second intervals during the first 15 minutes of the pumping and at oneminute intervals thereafter for two hours. After the first two hours, the water level was recorded at 5-minute intervals. Figure 3 shows the time-drawdown curve of the water level at 10-minute intervals during the pumping and the field-measured water quality parameters on March 17, 1999. The water level was measured relative to the depth of the transducer, which was at approximately 1, 150-ft depth.
The field-measured water quality parameters were obtained using a Hydrolab@ MiniSonde probe that was positioned in the outfall channel area beneath the discharge line. The water quality parameters measured included conductance, pH, temperature, and dissolved oxygen, each of which was recorded at 10-minute intervals. Figure During the pumping, the water level declined about 20 ft during the first 10 minutes of pumping and slowly but continuously declined thereafter. By the end of pumping, the water level declined a total of 30.3 ft and was continuing to slowly decline. After the pump was turned off, the water level rebounded rapidly and rose in the well because of the back flow of 1,200 ft of water from the production pipe into the well.
The spinner log tool was repaired and reinserted into the well the afternoon of March 17. To test the operation of the tool, an auxiliary static spinner log survey was run that encompassed a complete pass through the entire well. The spinner log tool was determined to be working properly but because of the lateness in the day, it was decided to run the dynamic spinner log survey on the morning of March 18, 1999. The spinner log tool was stored in the well overnight near the top of the louvers so that no possible damage to the tool could occur while raising it into the 3-in.-diameter access tubing.
On March 18, 1999, the 1,000-gpm pump was turned on at 07:45 and the well was pumped for 3.5 hours while the dynamic spinner log survey was obtained. A total of 219,000 gallons of water were produced during the running of the dynamic spinner log survey. The spinner log survey included two complete passes of the tool (down and up) through the well at 60 ft per minute and one complete pass at 110 ft per minute. The results of the suwey appeared to be reproducible, and the log curves were conformable; the dynamic spinner log survey appeared to provide sufficient information about the source of formation water into the well. The results of the dynamic spinner log survey are discussed below.
During pumping of the well on March 18, water levels measured by the transducer were recorded at 1-minute intervals during the first 25 minutes of the pumping, at two-minute intervals until 75 minutes had elapsed, and at 5-minute intervals until the pump was shut down after 3.5 hours elapsed time. After the pump was shut down, the water levels were recorded about every 15 seconds for 5 minutes while the water backflowed into the well and while the water level in the well equilibrated. Figure 4 shows the timedrawdown curve of the water level at 10-minute intervals during the pumping and the field-measured water quality parameters obtained on March 18, 1999. On March 18, the field-measured water quality parameters were again obtained using a Hydrolab@ MiniSonde probe that was positioned in the outfall channel area beneath the discharge line. Water quality parameters measured included conductance, pH, temperature, and dissolved oxygen, each of which was recorded at 10-minute intervals. At the conclusion of the dynamic spinner log survey, the spinner log tool was removed from the well and Beylik personnel removed the 1,000-gpm pump and the access tu~ng from the well. During this time the technical team reviewed the preliminary results of the spinner log surveys and selected zones for specific sampling in the well.
Results of Dvnamic Spinner Loa Survey
The results of the static and dynamic spinner log surveys were provided by COLOG in paper log format and digital file format. and/or to inefficiency of the measuring tool. To provide a smoothing of the spinner log data, a 40-ft running average was calculated for each 1-ft interval, which is shown on Figure 6a as a thicker line. Zones within the well that indicate a vertical spinner log trace have a uniform vertical water velocity relative to the speed of the tool; these are zones where water is not entering the well and are interpreted to be nonproductive zones.
The velocity of the water in the well is greatest at the top of the screened interval because all produced water is moving upward in the casing at this location. The spinner log survey shows that the fastest water movement (about 65 cps at a 1,000-gpm pump rate and a tool velocity of 60 ft/min) is near the top of the screened interval (1,260 ft depth). As the spinner log tool passes deeper through the screened interval and through succeeding productive zones, the water velocity relative to the speed of the tool decreases to a point near about 1,800-ft depth where little additional water appears to be entering the well from there downward. The shallower portions of the well evidently met the 1,000gpm pumping demand placed on the well during the survey; it is not known if increasing the pumping demand would have increased production from deeper zones.
The productive zones are shown on the spinner log trace as having a positive-slope relative to vertical. The larger the slope variation from vertical, the more water enters the well within any given interval. Because the slope of the spinner log trace indicates zones of water production, the first derivative with respect to depth of the spinner log data, or the rate of change of inflow into the well with depth, was calculated and plotted on Figure The characteristics of each productive zone are summarized in Table 3 . The top and botlom depth value of each distinct zone that has a nonvertical log trace on the spinner log is listed in Table 3 with the thickness of each zone and the spinner log value of the top and bottom of each zone. The difference in the spinner log value across each zone was divided into the total range of spinner log values to calculate the approximate percentage of total production that is apparently coming from each zone. The 40-foot running average value was used because of the variation in the 1-ft data (see Figure 6a) . Zone E is the thickest zone (240 ft thick) and provides 50'%.of the total production in the well. This zone correlates to probable coarse-grained sediments within the upper part of the Santa Fe Group (Figure 2 ). Zone G is about 50 ft thick and provides 18'XO of the total productive volume. Zone G comelates to the Totavi Lentil at the base of the Puye Formation (Figure 2) . The apparent production capacity of each zone can be interpreted from the derivative curve shown in Figure 6b . The greater the slope of the spinner log trace (Figure 6a ) or the derivative value (Figure 6b) , the better the apparent production capacity of a zone. The zone with the highest apparent production capacity is Zone G, which correlates to the Totavi Lentil at the base of the Puye Formation. Because of the relative thinness of Zone G (Table 3) , only 18?4.of the production is derived from this high-capacity zone. The zone with the second highest apparent production capacity is the upper portion of zone E, which produces 509f0of the total volume of water (Table 3 ). The third best apparent production capacity is zone H in the lower Puye Formation (see Figure 6b ).
After completion of the dynamic spinner log survey, the ESH-18 technical team met to review the results of the spinner log data on March 19, 1999. Based on the prelimina~results of the dynamic spinner log survey, five zones were initially selected to be sampled in the well. The five zones planned for sampling are shown in Table 4 and include the following approximate depths in the well: 1,350, 1,420, 1,515, 1,640, and 2,090 ft. At the conclusion of the dynamic spinner log survey, the 1,000-gpm pump and the associated production piping and access port tubing were removed from the well in preparation for the second phase of the project. The second phase of the PM-4 testing and sampling project is the groundwater sampling of discrete zones within the regional aquifer. For this task, downhole sampling equipment provided by the Water Quality and Hydrology Group (ESH-I 8) and the Field Support Facility (FSF) was used to isolate portions of the screened casing in an attempt to collect groundwater samples from discrete zones.
The Laboratory's equipment included two 16-in.diameter K-packers and a submersible pump that was supposedly capable of approximately 6 gpm at a head of 1,100 ft and associated connection piping with the packer assembly. The K-packers and the pump were assembled so that the packers were connected using two 20-ft lengths of 4-in. -diameter galvanized pipe with the pump positioned near the top packer assembly. The K-packers are similar to wiper plugs and have several bands of rubber blades around a metal cylinder that has the same outside diameter as the inside of the casing, but the packers do not necessarily form a perfect seal with the casing. The slots were located in the center portion of the galvanized pipe behveen the two packers. The sampling assembly was designed to collect groundwater samples from a discrete 40-ft-long zone within the screened casing. The method used to collect the zonal groundwater samples could not prevent the movement of water around the packers and in the annulus outside of the casing. The sampling assembly was a best effort to collect discrete samples from individual zones; the analytkal results, however, indicated that groundwater was likely drawn from the annulus of the well and/or from around the packers and not necessarily from the formation adjacent to the sampled zones. Additional discussion of the analytical results is given in Sections 3.2 and 4.0.
The total volume of water inside the casing between the K-packers was about 500 gallons. The following calculations show how this volume was determined:
16-in.diameter casing = 1.333 ft diam = a radius of 0.667 ft the volume between the packers is calculated using n~h, or TC(0.667)2x 40 = 56 ft3 56 ft3 x 7.48 gal./ft3 = 420 gal., rounded to 500 gal..
The pump that was used to collect the groundwater samples was a 5-hp Grundfos electric submersible pump (model 16S50-39) capable of 20 gpm (6 gpm at 1, 100-ft head) at 3,450 rpm. The pump and packer assembly were installed March 23 and were ready to pump on the morning of March 24, 1999. Each section of production tubing was measured before being put into the well so that the exact depth of the pump and packer assembly was known. For the first zone sampled, the pump was at a depth of 1,316 ft and the sampling port (slots in the galvanized pipe between the K-packers) was at a depth of 1,340 ft.
On March 24, 1999, the pump was turned on at 07:10 to begin sampling zone #1. The pump was operated for 170 minutes at an average flow of 1.5 gpm, for an estimated volume of 255 gallons, which is about 50'%0of one volume of water between the packers. The Grundfos 16S50-39 pump did not perform to specifications and only pumped 1.5 gpm from a head of 1,077 ft. The amount of time involved to obtain the samples and the charges for standby for the crew would have been infeasible. Therefore, a larger pump for the existing submersible motor was ordered, and the pump/packer assembly was pulled from the hole in preparation for equipping the motor with the larger pump. The new pump end that was installed was a Grundfos 10S50-48DS, which is rated at 8 gpm at 1,100 R of head.
The new pump was assembled and was installed in the well on the afternoon of March 25, 1999. The pump was tested for about one hour, and the flow was determined to be about 8.5 gpm. At this flow rate, the time to purge 1,500 gallons (3 volumes of water between the packers) was about 3 hours.
Zonal Groundwater Sampling
The collection of zonal groundwater samples occurred over three days from March 26 to March 30, fi999. At the time of the sample collection, the groundwater was measured for the parameters listed in Table 5 . Transported the samples to the sample management office (SMO) at the FSF. Table 6 lists the field methods used for the collection of the groundwater samples and Table 7 is a summary of the samples that were collected.
The purge water was discharged to'the NPDES outfall associated with well PM-4 for this purpose. These discharges were coordinated with personnel from the ESH-I 8 NPDES program. Containment of the purge water was not necessary, but a water containment tank with a capacity of 10,000 gallons was available at the site for this purpose if needed. Groundwater samples were collected from specific zones for three different analytical suites; the analytical suite for each sample depended on the depth of the zone that was sampled. The uppermost zone sampled was analyzed for the full suite of analytes that are listed in Table 8 . The lower four zones were analyzed for a selected suite of analytes; the second zone was analyzed for a selected suite of analytes but for a full suite of radionuclides. The analytical methods used for the analyses are listed in Tables 9, 10, and 11.
The following bullets summarize the anai~ical suites that were applied to the samples from different zones in the well. q Groundwater samples collected from the uppermost zone at 1,340 ft depth were analyzed for a full suite of analytes, which are listed in Table 8 To better understand the nature of recharge to the regional aquifer, analysis for carbon-14, chlorine-36, and stable isotopic ratios of deuterium/hydrogen and oxygen-1 8/oxygen-l 6 were performed on some samples to estimate the age of water and to help identify specific sources of recharge. Analyses for carbon-1 3 and dissolved organic carbon (humic acids by fractionation analysis) were performed to provide a better understanding of the organic geochemistry of the groundwater.
In addition to measurements of gross-alpha, -beta, and -gamma radioactivity, the radionuclide analytes include americium-241; plutonium-238; plutonium-239,240; strontium-90; and tritium (low detection limit). Total uranium was analyzed using kinetic phosphorometric analysis (KPA) because concentrations of uranium in PM-4 were expected to be relatively low and within the range of LANL background levels.
All analyses for inorganic and organic chemicals were performed in accordance with EPA SW-846 protocols (EPA 1987, 57589), EPA standard methods (EPA 1983, 56406), or standard methods for chemical analysis of water (Franson 1995, 56405) . The detailed analyte lists, estimated quantitation limits (EQLs), minimum detectable activities, required quality control (QC) procedures, and the acceptance criteria are found in the 1995 ER Project analytical services statement of work (LANL 1995, 49738) or the version that was current when the samples were analyzed. Laboratory analyses for the analytes were performed on unfiltered samples because the water sample were relatively nonturbid at the time of sampling, that is, the samples were all less than 5 NTUS. d. All groundwater samples were analyzed for low-detection-limit HE compounds.
e. Samples from the lower four zones were archived and nitrogen isotopes were to be analyzed in deeper samples if N03 as N was >1.0 mg/L. ,
Zone #1
The purging of Zone #1 began the morning of March 26, 1999. The packers for Zone #1 were located at 1,320 and 1,360 ft depth, the slotted casing was located at the depth interval from 1,338 to 1,340 ft, and the pump was at a depth of 1,320 ft. The three casing volumes were purged in 3 hours and 16 minutes ailer which the samples were collected from Zone #1.
The general water quality parameters of the purge water were measured using a Hydrolab@ MiniSonde probe that was positioned in a stainless-steel bucket that was continuously fed water from the well head through 1/2-in.-diameter vinyl tubing. Water quality parameters measured included conductance, pH, temperature, dissolved oxygen, and turbidity, each of which was recorded at 1-minute intervals. Figure 7 shows the time-series chart of the water quality parameters during the purge of Zone #1. The conductance of the produced water was around 110 pS/cm. The chart shows the higher turbidity of the first casing volume of water and the reduced turbidity of the water that was produced later during the purge. Variations in the turbidity values are patilally attributable to the position of the tool in the stainlesssteel bucket. Depending on how the turtidity meter was positioned in the bucket, different readings were obtained, possibly from reflection of the walls of the bucket to the meter. In general, the field-measured water quality parameters of the purged water, especially the dissolved oxygen and the turbidity appeared to stabilize after about 2 hours, or two casing volumes. After collection of the groundwater samples from Zone #1, the pump and packer assembly were lowered in the well on March 26, 1999, in preparation for purging and sampling Zone #2. The packers were relocated to the depths 1386 and 1426 ft, and the slotted casing was relocated to the depth interval 1,404 to 1,406 ft. Zone #2 collected groundwater samples from the Totavi Lentil, which contained the highest apparent production capacity. On the afternoon of March 26, a total of 1500 gallons were purged from Zone #2 in 3 hours and 20 minutes.
PM4 Zone#l
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The general water quality parameters of the purge water were measured using a Hydrolab@ MiniSonde probe that was positioned in a stainless-steel bucket that was continuously fed water from the well head through l/2-in.-diameter vinyl tubing. Water quality parameters measured included conductance, pH, temperature, dissolved oxygen, and turbidity, each of which was recorded at 1-minute intervals. Figure 8 shows the time-series chart of the water quality parameters during the purge of Zone #2. The conductance of the produced water was around 110 pS/cm. The chart shows the increased turbidity of the disturbed water in the well from moving the pump/packer assembly beginning at about 27 minutes into the purge time, which is the amount of time needed to displace the volume of water in the column of production pipe. The relatively turbid water was displaced within 2 hours of purging the well. Variations in the turbidity values are partially attributable to the position of the tool in the stainless-steel bucket, depending on how the turbidity meter was positioned in the bucket, different readings were obtained, possibly from reflection of the walls of the bucket to the meter, In general, the field-measured water quality parameters of the purged water (especially the dissolved oxygen and the turbidity) appear to stabilize after about 2 hours, or two casing volumes.
Before collection of the water samples from Zone #2, the field-measured water quality parameters were measured using a Horiba Water Parameter Meter. The results of the field-measured water quality parameters are shown in Table 12 . Because the turbidity of the groundwater was less than 5 NTUS, filtered samples were not collected for all analytes.
Samples were collected from Zone #2 on March 26. These samples were analyzed for a limited suite of analytes, which included the following categories of constituents:
.
General inorganics-major cations and anions .
Full suite radionuclides including low-detection-limit tritium Figure8. Waterquality parameters during purging from Zone #2.
Samples were collected from Zone #2 and archived for the potential analyses for nitrogen isotopes if nitrate as nitrogen was greater than 1 mg/L. The results from the nitrate as nitrogen were less than 1 mg/L so the samples from Zone #2 were not analyzed for nitrogen isotopes.
Zone #3
After collection of the groundwater samples from Zone #2, the pump and packer assembly were lowered in the well on March 29, 1999, in preparation for purging and sampling Zone #3. The packers were relocated to the depths of 1,485 and 1,525 ft, and the slotted casing was relocated to the depth interval of 1,503 to 1,505 ft. A total of 1,500 gallons were purged horn Zone #3. Because the field-measured water qualii parameters measured during the purging of Zone #1 and Zone #2 showed that the purging of three casing volumes or 1,500 gallons were sufficient to stabilize the water qualii parameters, continuous monitoring of the water quality parameters was not performed. The field-measured water quaiii parameters measured after purging 1,500 gallons from Zone #3 are shown in Samples were collected from Zone #3 and archived for the potential analyses for nitrogen isotopes if nitrate as nitrogen was greater than 1 mg/L-The results from the nitrate as nitrogen were less than 1 mg/L so the samples from Zone #3 were not analyzed for nitrogen isotopes.
Zone #4
After collection of the groundwater samples from Zone #3, the pump and packer assembly was lowered in the we\\ on March 29, 1999 in preparation for purging and sampling Zone M. The packers were relocated to the depths 1615 and 1655 ft, and the .sIotled casing was relocated to the depth interval of 1,633 to 1,635 ft. A total of 1,500 gallons were purged from Zone #4 in 3 h and 15 minutes. Because the fieldmeasured water quality parameters measured during the purging of Zone #1 and Zone #2 showed that the purging of three casing volumes or 1,500 gallons were sufficient to stabilize the water quality parameters, continuous monitoring of the water quality parameters was not performed. The fieidmeasured water quality parameters measured after purging 1,500 gallons from Zone #4 are shown in 
Carbon-14
Samples were collected from Zone #4 and archived for the potential analyses for nitrogen isotopes if nitrate as nitrogen was greater than 1 mg/L. The results from the nitrate as nitrogen were less than 1 mg/L, so the samples from Zone /#l were not analyzed for nitrogen isotopes.
Zone #5
After collection of the groundwater samples from Zone #4, the pump and packer assembly was lowered in the well on March 29, 1999, in preparation for purging and sampling Zone #5. The packers were relocated to the depths 2,065 and 2,105 ft, and the slotted casing was relocated to the depth interval 2,083 to 2,085 ft. At this depth, the groundwater samples could be obtained from basalt within the Santa Fe Group sediments (see Figure 2) . On the morning of March 30, a total of 1,500 gallons were purged from Zone #5 in 3 hrs and 20 minutes. Because the field-measured water quality parameters measured during the purging of Zone #1 and Zone #2 showed that the purging of 3 casing volumes or 1,500 gallons were sufficient to stabilize the water quality parameters, continuous monitoring of the water quality parameters was not performed. The field-measured water quality parameters measured after purging 1,500 gallons from Zone #5 are shown in 
Carbon-14
Samples were collected from Zone #5 and archived for the potential analyses for nitrogen isotopes if nitrate as nitrogen was greater than 1 mg/L. The results from the nitrate as nitrogen were less than 1 mg/L so the samples from Zone #4 were not analyzed for nitrogen isotopes.
2.2.3
Summary of Purging and Sampling Activities 1 During the purging and pumping of the well for the collection of groundwater samples, a total of 8800 gallons of water were produced from the five zones over the 2.5 days of sampling. The average rate of production of the submersible pump during the sampling was 7.5 gpm'. The produced water was discharged to the NPDES outfall attached to the well. Groundwater samples were collected from each of the 5 zones that were selected for sampling.
Phase-Ill Video Log #2
After completion of the zonal groundwater sampling and the removal of the pump/packer assembly from the well, the second video log survey of the well was obtained on March 31, 1999. The survey log was measured from the top of the temporary casing, which was about 1 ft above the top of the permanent well casing. The first video log was obtained from the top of the permanent casing, so the measurements for the second video log survey were therefore about 1 ft higher relative to the first video log.
The static oil level was encountered at a depth of 1,074 ft, and the oil/water contact was at a depth of 1,075 ft. The sounder tubes were present at a depth of 1,256 ft, and the tops of the louvers were at a depth of 1,259 ft. The wire in the bottom of the hole was encountered at a depth of 2,814 ft, and the survey was stopped at a depth of 2,836 ft where the water becomes too cloudy from sediment associated with the wire to see the casing. The survey was also stopped at this depth to prevent potentially entangling the video camera and associated equipment with the wire in the well.
The second video log survey did not indicate the movement of water inside the well. Additionally, the I second video log survey did not show that the well casing was damaged or otherwise impacted by the installation and removal of the 1,000-gpm pump that was used for the dynamic spinner log surveyor the pump/packer assembly that was used for groundwater sampling.
3.0
Anal~lcal Results
Results of NPDES Sampling
On March 17, 1999, while pumping the well at 1,000 gpm for the dynamic spinner log survey, ESI%l 8 NPDES personnel collected samples of the discharged water for compliance with the Laboratory NPDES permit. The samples were analyzed for pH, total residual chloride, selected metals, tritium, radium-226, and radium-228. The samples represent a composite of all producing zones from well PM-4, and effectively represent the groundwater that is produced for municipal supply use. The results of the analyses are shown in Table 13 . The pH of the water was 7.9, and no chlorine gas was detected because the water from the well was not chlorinated during the test. Tritium, using the higher detection limit liquid scintillation counting method, was 105 *640 pCi/L. Metals detected in the groundwater include arsenic, boron, chromium, copper, and lead. 
Results of Zonal Groundwater Sampling
Zonal groundwater samples were collected from supply well PM-4 from March 26 through March 30, 1999, as described in Section 2.2.2. Groundwater samples were collected from five depth zones in the regional aquifer, which are listed in Table 7 . Ail the groundwater samples had low turbidity values that were less than 3.3 NTU values (see Table 12 ).
The groundwater samples were analyzed for inorganic species (major ions and trace elements), HE compounds, stable isotopes of hydrogen, oxygen, and nitrogen, selected radionuclides, and organic compounds including PCBS (in the samples from the upper zone only). Chemical and radiochemical analyses were performed at ER Project contract analytical laboratories. The USEPA-SW846 methods and other analytical methods were used for chemical and radiochemical analyses. Tritium analyses were performed using Iow-detetiion methods at the University of Miami Tritium Laboratory. Alpha spectroscopy , analyses were performed only on samples from the upper two zones.
The results of the analyses of the samples are shown in Tables 14 through 17. Table 14 contains the results of analyses for cations and anions and general inorganic constituents, Table 15 contains the results of analyses for metals and trace elements, Table 16 contains the results of analyses for radionuclide constituents, and Table 17 (Table 16 ), indicating that tritium was not detected in the groundwater. These results suggest that the groundwater has not received recent recharge from precipitation or surface water and that the age of the groundwater is greater than 50 years (prebomb atmospheric fallout). Activities of americium-241, neptunium-237, strontium-90, plutonium-238, and plutonium-239 were below detection limits-The results of gamma spectrometry (including cesium-1 37, cobalt-60, etc.) performed on samples from the upper two zones were at or below detection limits for all constituents, indicating that the gammaemitting radionuclides were not detected. The concentrations of uranium ranged from 0.51 to 0.71 Ug/L, which is within the usual range for total uranium concentrations encountered in the regional aquifer (e.g. ESP 1998,59904, p. 183).
Results of stable isotopes of hydrogen and oxygen are listed in Table 17 .. PM-4 1340 03/26/99 UF < 1 < 4.8 < 1,9 16.6 0,64 < 0.2 < 0.5 4,3 < 0.6 719 < 0.03 50.4 < 3 4.4~0.8 < 2.3 < 2.9 < 3.40 5.8 29.3 PM-4 1406 03126199 UF < 1 < 4,8 < 1.9 19,3 0,84 < 0.2 < 0.5 4,5 < 0.6 836 < 0.03 54.8 4.5 3.9~0.8 < 2.3 < 2.9 7.40 5.9 23.8 PM-4 1505 03/29/99 UF < 1 < 4.8 < 1.9 17.2 0,84 < 0.2 < 0.5 3.9 < 0.6 561 < 0.03 56,7 < 3 3.4~0.8 < 2.3 < 2.9 < 3.40 6.0 18.0 PM-4 1635 03/29/99 UF < 1 c 4,8 e 1.9 16,7 0,88 < 0,2 c 0.5 4,1 < 0.6 708 < 0.03 58.4 < 3 3.6 < 0.8 3.0 3.9 5.30 5.8 18.6 PM-4 2085 03/30/99 UF < 1 < 4.8 < 1.9 15.0 0,85 < 0.2 c 0.5 4.2 < 0.6 944 < 0,03 74.8 4 3.1 < 0.8 < 2,3 < 2.9 < 3.40 5.1 25.2 6.0
